Essential oils were obtained from leaf, branch and buds of Betula species: B. pendula Roth, B. browicziana A.Güner, B. litwinowii Doluch., B. recurvata V. Vassil., and B. medwediewii Regel naturally growing in various parts of Turkey. Also buds of the common birch B. pendula essential oil from Germany and two species native to Finland namely, Betula pubescens ssp. czerepanovii (Orlova) Hämet-Ahti and Betula pubescens ssp. pubescens Erhr. were investigated. Betula essential oils were obtained by different distillation techniques such as hydrodistillation, microdistillation and Likens-Nickerson simultaneous distillation-extraction method (SDE). The resulting volatile compositions were elucidated by gas chromatography (GC) and gas chromatography-mass spectrometry (GC-MS) systems. Known and new sesquiterpenes were isolated from Betula essential oils using column chromatographic techniques. Structure determination of each isolated compound was carried out using 1D and 2D NMR spectroscopic techniques supported by MS, UV and GC FITR. Biological activities were determined both for essential oils and pure compounds isolated from the oils of Betula species. Antifungal, antibacterial and antioxidant activity results were carried out using various in vitro techniques.
Introduction
Well-known as birch tree, the genus Betula of the family Betulaceae, has a wide distribution in the northern hemisphere from Canada to Japan. 1 Five Betula species, namely B. browicziana A.
Güner, B. litwinowii Doluch., B. medwediewii Regel, B. pendula Roth and B. recurvata V. Vassil are naturally growing in eastern and northern Turkey, at high altitudes. Only B. browicziana is endemic to Turkey. 2, 3 The Birch tree has a long history of medicinal use in different countries and cultures to cure skin diseases especially eczema, infections, inflammations, rheumatism and urinary disorders.
Treibs and Lossner reported α-and β-betulenol, their acetates and α-betulenal by means of synthesis to support the chemical structures present in the essential oil of Betula lenta. 8 In contrast, Holub reported the occurrence of α-and β-betulenol, as well as α-betulenol acetate with different structures as the previous investigators, also isolated from Betula species. 9 Dhar et al. reviewed the chemistry of the birch tree including the essential oil which appeared to support Holubs' previous work. 10 Hiltunen and co-workers reconfirmed by means of chemical reactions and gas chromatography / mass spectrometry (GC -MS), the occurrence of the main compounds as α-and β-betulenol and their relevant acetates in the bud oil of B. pubescens Ehrh., supporting Treibs' work.
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Essential oil components of B. pendula were analyzed by Stepen and co-workers using GC where the main components were identified as α-betulenol acetate, caryophyllene and derivatives including low amounts of α-and β-betulenol. 12 Kaneko et al. reported betulenols and their acetates in the essential oils isolated from the buds of nineteen Betula species. 7 Studies on the essential oils and sesquiterpenes of Betula species growing in Turkey were subject to several studies by our group. [13] [14] [15] [16] [17] [18] This present work covers the essential oil chemistry as well as biological activities of the main components isolated from various Betula species investigated by our group.
Results and Discussion
Caryophyllene and its derivatives have been of special interest in the field of natural products chemistry and subjected to many detailed works and reviews. [19] [20] [21] [22] There have been many conflicts and disagreements concerning absolute configurations and structures of caryophyllene derivatives isolated from natural sources. [7] [8] [9] 23 The buds of B. pendula, B. litwinowii and B. medwediewii collected from various parts of Turkey were hydrodistilled while B. browicziana and B. recurvata buds were subjected to simultaneous distillation-extraction method (SDE) using a Likens-Nickerson apparatus due to limited plant material. The bud oils were analysed by GC-MS. The main component was isolated by Medium Pressure Liquid Chromatography (MPLC) in high purity. 13, 16 Literature search and comparison with spectral data 23 confirmed the identity of this compound as 14-hydroxy-β-caryophyllene (1), which was found 20.5-37.5% in all investigated oils. β-Betulenal (2) which was isolated by MPLC from Betula essential oils was also synthesized. β-caryophyllene (3) was treated with SeO 2 , resulting in the formation of β-betulenal (2), 14-hydroxy-isocaryophyllene (4), and isocaryophyllene (5), as seen in Scheme 2. Compound 2 and 4 were isolated individually from the reaction mixture followed by structures confirmation by 1 H and 13 C NMR. This information supported that 14-hydroxy-isocaryophyllene (4) is synonymous with β-betulenol and β-betulenal (2) with isocaryophyllen-14-al, when compared with previous investigations. 8 To ensure the proposal, 2 was subjected to a mild reduction with NaBH 4 , resulting in β-betulenol (4). These compounds were also detected in the Betula bud essential oils by GC-MS. Content of β-betulenol and β-betulenal, in the oils of investigated Betula species were found from trace to 1.2% and 2.0-5.2%, respectively ( Furthermore, 14-hydroxy-β-caryophyllene (1) was epoxidized by m-CPBA resulting in the formation of the two synthetic diastereomeric epoxides namely, 14-hydroxy-4,5-epoxy-β-caryophyllene (βα) (6) and 14-hydroxy-4,5-epoxy-β-caryophyllene (ββ) (7), as shown in Scheme 4. 16 These compounds were shown to be present in the investigated Betula essential oils (Table 1 ). 14-Hydroxy-4,5-epoxy-β-caryophyllene (βα) (6) was also obtained from the bud essential oil of B. pendula by MPLC. The acetate of this compound (6a) was shown to be present in the composition of the investigated Betula essential oils. The acetate of ββ-form (7a) was also found in essential oil of B. recurvata leaves in trace amounts ( 
Scheme 4. Epoxidation of 14-hydroxy-β-caryophyllene (1).
In vitro antimicrobial activity evaluation against selected human pathogens Escherichia coli, Staphylococcus aureus, Micrococcus luteus, Pseudomonas aeruginosa, Bacillus cereus and the fungus Candida glabrata using 14-hydroxy-β-caryophyllene (1), 14-acetoxy-β-caryophyllene (1a), β-betulenal (2), β-caryophyllene (3), and 14-hydroxy-isocaryophyllene (4) were conducted. Chloramphenicol was used as reference and moderate activities were observed against Gram (+)/(-) bacteria. Ketoconazole was used as antifungal reference against C. glabrata, where also moderate activity was observed. Antibacterial activity was shown against Streptococcus nutans, S. aureus and E. coli for caryophylla-4,8(13)-dien-6-ol, caryophylla-4,8(13)-dien-6-one, caryophylla-4,7-dien-6-one and caryophylla-3,8(13)-dien-5,6-diol isolated from B. pubescens, activities of which were said to be patented. 30 Other antimicrobial investigations using different extracts of various Betula species have been conducted. [31] [32] [33] [34] Recently, 14-hydroxy-β-caryophyllene (1) was reported to have antibacterial activity against Bacillus subtilis and Escherichia coli. 24 Our research into Betula species growing in Turkey has resulted in the isolation of new caryophyllene derivatives namely; 14-hydroxy-4,5-dihydro-β-caryophyllene (8), 4,5-dihydro-β-caryophyllene-14-al (9) , and des-4-methyl-caryophyll-8(14)-en-5-one (10) from B. litwinowii. 15 14-Acetoxy-4,5-dihydro-β-caryophyllene (8a) was prepared from 14-hydroxy-4,5-dihydro-β-caryophyllene (8) (Figure 1 ). 14-Acetoxy-4,5-dihydro-β-caryophyllene (8a) was also identified by GC-MS and retention index data to be identical to that present in the Betula essential oils (Table 1) . 14-hydroxy-4,5-dihydro-β-caryophyllene (8) induced 100% inhibition of the plant pathogenic fungi Cephalosporium aphidicola and Rhizoctonia cerealis at 200 µg/mL. This compound was also as active as the antibacterial standard chloramphenicol against Bacillus cereus, with a MIC value of 125 µg/mL, but was less active against Escherichia coli, Micrococcus luteus, Staphylococcus aureus, and Pseudomonas aeruginosa. Same compound displayed moderate antifungal activity against Candida glabrata, having a MIC value of 125 µg/mL when compared to ketoconazole (62.5 µg/mL).
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The leaves of five Betula species growing in Turkey, were hydrodistilled and the oil compositions were investigated by GC-MS. 14-Hydroxy-β-caryophyllene (1) was found as the main constituents (29.3%) in the oil of B. pendula. 14-Hydroxy-4,5-dihydro-β-caryophyllene (8) was identified as the main constituents in the oils of B. recurvata (25.%), B. browicziana (24.8%) and B. litwinowii (18.5%). Interestingly, in the oil of B. medwediewii, methyl salicylate (49.8%) was the major constituent. 14 14-Hydroxy-β-caryophyllene (1) was found as main compound in the hydrodistilled branch oil of B. pendula and B. browicziana (19.8% and 18.0%, respectively). 14-Hydroxy-4,5-dihydro-β-caryophyllene (8) was characterized as the main component B. recurvata and B. litwinowii branch oils (22.7 and 19.1%, respectively). Methyl salicylate (67.7%) was identified as a major compound in the oil of B. medwediewii (Table 1) .
Various phytopathogenic fungi were evaluated by agar tube dilution method 35 In the course of our research into Betula species, we isolated essential oils from the buds of Betula pubescens ssp. pubescens and B. pubescens ssp. czerepanovii naturaly growing in Finland which were analyzed both by GC and GC-MS. 14-Acetoxy-β-caryophyllene (1a) was determined as the main component in both oils (32.5 and 30.0%, respectively). The essential oil was subjected to column chromatography and a bicyclic aldehyde; birkenal (11) and a tricyclic lactone; hushinone (12) were isolated as new compounds. Birkenal (11) was subjected to a mild reduction with NaBH 4 to result in birkenol (13) . This compound was shown to be naturally present in both essential oils (0.4-0.6%) with the aid of GC-MS ( Table 2 ). The acetate of this alcohol; birkenyl acetate (13a) was shown to be naturally present at low concentrations (0.1%) in both essential oils investigated, as a new natural compound. 6-Hydroxycaryophyllene (14) was also isolated from the oils. Acetylation of this compound resulted in the formation of 6-acetoxycaryophyllene (14a) (Figure 2 ). The new acetate was also detected in the essential oils and identified as such by co-elution by means of TLC and GC-MS. 17 Recently, Domrachev and
Tkachev assigned the absolute configuration of birkenal by chemical correlation with known caryophyllene-type derivatives.
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The air-dried buds were hydrodistilled for 3 h using a Clevenger-type apparatus to yield 5.0% (A) and 7.8% (B) of essential oils on a dry-weight basis.
The antioxidant activities of the essential oils from both species and the isolated pure compounds namely; birkenal (11) , hushinone (12), birkenol (13) , and 6-hydroxycaryophyllene (14) were assessed by measuring their ability to scavenge 1,1-diphenyl-2-picrylhydrazyl radicals (DPPH • ). The test was performed on the samples at concentrations of 0.5 and 1.0 mg/mL but scavenging activity of the radicals was not determined. 17 Other recent work of our group on volatiles of the buds of B. pendula obtained by hydrodistillation and microdistillation collected from Germany was reported. The volatiles were analyzed both by GC and GC-MS systems. α-Copaene (12% and 10%), germacrene D (11% and 18%) and δ-cadinene (11% and 15%) were identified as the main constituents in the hydrodistilled and microdistilled samples, respectively. In this study, the essential oil profile of B. pendula obtained from the buds (Table 3) was quite different from those of previous investigations and results. 13, 14, 16 Kaneko et al. 7 had reported δ-cadinene (9.6%) as the main constituent of B. pendula from Japan. However, in other previous studies betulenols were found to be the major constituents in the volatile oil of B. pendula. The plant material was hydrodistilled for 3 h using a Clevenger type apparatus. The essential oil yield was calculated on dry weight basis corresponding to 0.5%.
